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Abstract 
Effective communication relies on the smooth exchange of information, and involves a good understanding of emotions 
behind the information. Emotions play an important role in language communication. In this study, the authors conducted 
experiments to understand whether emotional context in language sounds activates what areas of the brain. Twenty-seven 
Japanese subjects listened to a recording of five reversed Japanese sentences and five Malay sentences: both with emotional 
intonation and without emotional intonation. A near-infrared spectroscopy (NIRS) system was used to observe the relative 
changes of blood Hb concentrations in the brain while the subjects were listening to the sentences with and without emotions. 
The results of the experiments showed that the areas related to working memory tended to be more activated when they were 
listening to the sentences without emotions for reversed Japanese sentences.  However, for Malay sentences, working 
memory were more activated when the subjects were listening to the sentences with emotions. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
Human communication often involves emotional clues and emotions are often regarded as factors to facilitate or 
to obstruct good language communication. A number of studies have investigated relationships between emotion 
and cognition, and the results of studies in psychology have shown that emotional factors can influence the 
 
 
* Corresponding author. Tel.: +08-48-687-5724; fax: +08-48-687-5013. 
E-mail address: atsuko@sic.shibaura-it.ac.jp. 
15 The Authors. Published by Elsevi r B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
1216   Muhammad Nur Adilin Mohd Anuardi et al. /  Procedia Computer Science  60 ( 2015 )  1215 – 1222 
perception of a message and the allocation of attention1,2. The influence of emotions has been also studied in 
relation to language development and learning, and the effects of emotions in linguistic information processing in 
the brain have been subjected to many studies3,4. However, not much research has been conducted to examine 
how vocal information processing in the brain can be affected by emotional factors in linguistic sounds. In this study, 
we focused on the effects of emotional factors in linguistic sounds in terms of information processing in the brain. 
We conducted experiments to investigate if emotional language sounds activate the frontal cortex, which 
includes the areas associated with language processing and working memory. In order to see the effects of 
emotional language sounds per se, we used Japanese and Malay sentences that did not convey any semantic 
meanings to experiment participants in the experiments, and measured the activation of the frontal cortex by using 
a near- infrared spectroscopy system (NIRS). 
2. Experiment 
In this study, a recording of ten sentences that consisted of five reversed Japanese sentences and five Malay 
sentences was developed. Each sentence was repeated twice, once without emotion intonation and once with 
emotion intonation. The authors chose sentences without emotional meanings for the experiments to focus on 
examining the effects of emotional intonation, not on the semantic features, of speech. Malay language was chosen 
as a language that is unfamiliar to Japanese subjects. We reversed the Japanese sentences so that the subjects can 
detect Japanese language sounds only, but not the meaning of the sentences. In order to identify which parts of each 
subject’s brain were activated while he/she was listening to the sentences with or without emotions, relative changes 
in blood hemoglobin (Hb) concentrations in the brain of the subjects were measured by using a NIRS system. 
2.1. Questionnaire pre-test 
Prior to the NIRS experiment, the sentences with emotional intonations were tested to see if they successfully 
convey their emotional meanings. Forty-four university students participated in this emotion recognition pre-test and 
answered a questionnaire (Figure 1) to indicate what emotion they felt for each sentence. The emotions were 
happiness, surprise, sadness, anger, and fear, respectively. The pre-test was conducted to ensure that the recording of 




A.   ᙂȟ B. 傊Ǣ C. ᛢǬȔ D.  ᙆ E. ௌȈ
Translation: “I want to go to eat.” 
When hearing this sentence, which of the following do you think represents the emotion of the speaker? 
A.   Anger   B. Surprise   C. Sadness   D. Fear   E. Happiness 
(i) For Japanese sentences 
 
(Recording: “Saya nak pergi makan.”) 
Ǩȃ᮷ȧ㚎ǙǴǽǢǃ䂡㘵ȃᵜᖃȃ≇ᤱǶȧ㺘ǬǻǙȠȃȄ⅑ȃǛǶǾȡǼǮǠǄ
A.   ᙂȟ B. 傊Ǣ C. ᛢǬȔ D.  ᙆ E. ௌȈ
Translation: “I want to go to eat.” 
When hearing this sentence, which of the following do you think represents the emotion of the speaker? 
A.   Anger   B. Surprise   C. Sadness   D. Fear   E. Happiness 
(ii) For Malay sentences 
Fig. 1. Sample of  a question in the questionnaire used in the pre-test: all questions were written in Japanese in the questionnaire.   
 
The five Japanese sentences were reversed in the recording to make their meanings incomprehensible to the 
subjects who were native speakers of Japanese. This was done to make sure that the meaning of each sentence 
does not carry any emotional load since emotional context was crucial to this experiment. The average percentages 
of questions answered correctly for the sentences with emotional intonations, for both reversed Japanese and Malay 
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sentences, were calculated. Table 1 shows the average percentages of correct answers obtained from the 
questionnaire pre-test. Most of the participants answered the questions correctly, and from this result we judged 
that the sentences were suitable and could be used for the experiment. 
 
Table 1. Average percentages of the correct answers of the pre-test questionnaire for the reversed Japanese and Malay sentences 
Emotion Happiness Surprised Sadness Anger Fear 
Reversed Japanese Sentences 56% 67% 82% 97% 56% 
Malay sentences 91% 73% 98% 98% 48% 
 
2.2. Instrumentation and method 
A NIRS system manufactured by Hitachi Medical Corporation (ETG4000, 52 channels) was used in the 
experiment, in order to observe and record hemoglobin concentrations of the brain of every subject. In order to 
assess activities in the language areas of the brain, the channels were positioned to cover the left hemisphere of the 
brain, including a part of the prefrontal cortex, Broca’s area.  The mounting positions of NIRS probes and NIRS 































(a) Right side                                  (b) Front                                     (c) Left side 
Fig. 3. Pictures of a male subject wearing NIRS probes 
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Twenty seven right-handed subjects (23 males, 4 females) in their twenties (between 19-26 years of age) 
participated in the NIRS experiment. They were university students and graduate school students, and their first 
language was Japanese and none of them had any prior knowledge of Malay language before the experiment. The 
subjects were given instructions for listening to the recorded sentences, and then they heard the sentences with their 
head being attached to NIRS probes. In the experiment, relative changes in hemoglobin concentrations of each 
subject’s brain were measured and recorded by using the NIRS system with 52 channels while the subjects were 
listening to the recording. Relative changes in oxygenated, deoxygenated, and total hemoglobin (oxy-Hb, deoxy-Hb, 
total Hb) concentrations from the 52 channel points were simultaneously measured and recorded for each subject.  
3. Results 
The total Hb concentration changes in subjects’ brains recorded during the experiment were mapped onto two- 
dimensional images of the brain. The NIRS signals were also analyzed in relation to the functions of brain regions. 
For each subject, the values of total Hb concentration changes measured every 0.1 seconds with the NIRS system 
were averaged for both the sentences with and without emotions. 
3.1. Reversed Japanese sentences 
The result of the experiment with the reversed Japanese sentences showed that average values of NIRS signals 
obtained from Channels 6, 17, 27 and 38, which correspond to BA 44 and 45 of the brain were higher for the 
sentences without emotions than for those with emotions. The average values for selected Channels (6, 17, 27, 38) 
for the Japanese sentences both with and without emotional intonations in each question are summarized in Table 2. 
 
Table 2. Average NIRS signal values for the Japanese sentences obtained from Channels 6, 17, 27 and 38 (Roughly corresponding to the language 




Happiness Surprised Sadness Anger Fear 
 
6 
With emotion -3.008 -3.556 -7.221 -6.189 -4.609 
Without emotion 1.298 -1.423 -5.509 -3.606 -3.805 
 
17 
With emotion -6.858 -13.16 -9.460 -14.11 -14.15 
Without emotion -5.992 -4.467 -10.70 -10.06 -8.552 
 
27 
With emotion 2.232 2.019 -0.212 0.589 -6.306 
Without emotion 1.728 2.191 0.527 0.567 0.334 
 
38 
With emotion -5.974 -3.107 -2.843 -2.236 -7.821 
Without emotion -4.484 1.107 -2.678 -4.807 0.404 
 
BA 44 and 45 (Broca’s region) are known to be associated with linguistic grammar and sentence comprehension. 
BA 44, together with BA 45, which is active in semantic tasks, such as semantic decision tasks and generation 
tasks5. The results indicated that the subjects’ brain areas related to linguistic tasks tended to be more active while 
the subjects were listening to sentences without the five emotions. The chronological plot of signals obtained from 
average NIRS values for Channels 6, 17, 27 and 38 while the subjects were listening to the sentences also indicated 
that Hb concentration changes in the language areas of subjects’ brains were higher when they were listening to the 
sentences without the emotions. On the other hand, NIRS signals obtained from Channels 1, 5, 11 and 14 suggested 
that the frontal brain areas associated with working memory were highly activated when the subjects listened to all 
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five sentences without emotions. The average values of these channels for sentences both with and without emotions 
in each emotion are summarized in Table 3. 
 
Table 3. Average NIRS signal values for the Japanese sentences obtained from Channels 1, 5, 11 and 14, which are roughly corresponding to the 




Happiness Surprised Sadness Anger Fear 
 
1 
With emotion -21.508 -22.569 -24.969 -34.700 -34.639 
Without emotion -20.509 -15.640 -18.788 -25.905 -16.955 
 
5 
With emotion -2.392 -2.381 -4.887 -3.875 -3.383 
Without emotion -0.924 -0.600 -2.892 -2.090 -1.591 
 
11 
With emotion -1.316 -2.889 -5.376 -9.125 -13.160 
Without emotion 0.154 -0.442 -3.638 -6.289 -5.972 
 
14 
With emotion -5.579 -5.874 -7.247 -7.7847 -8.867 
Without emotion -5.527 -3.678 -6.912 -5.877 -4.321 
 
Figure 4 shows a typical example of Hb concentration images created from Hb measurements while the subjects 
were listening to the recording. The both images show relative changes in oxygenated Hb concentrations in the brain 
of one of the subjects (Subject A, male), right after the subject started listening to the sentence with and without 
emotions. The images suggested that the regions which correspond to the areas related to language processing, 
including BA 44, 45 and 22, tended to show higher Hb concentration changes while the subjects were listening to the 
recording, regardless of the existence of emotional load in the sentences. However, in the comparison of brain 
activities for the sentences with and without emotional intonations, Hb concentrations in the brain showed higher 
values when the subjects were listening to the sentences without emotions. In addition, the topographical 


















(ii) With emotion context 
Fig. 4. Optical topography images showing relative changes in oxy-Hb concentrations in the brain of a subject when he was listening to a reversed 
Japanese sentence 
 
Higher level change in haemoglobin concentration 
in areas related to language processing 
High level change in haemoglobin concentration in 
areas related to language processing 
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3.2. Malay sentences 
For Malay sentences, the average NIRS signal values for each emotion for Channels 6, 27 and 37 were lower for 
sentences with surprise emotions. The tendencies in Hb concentration changes obtained from these channels were 
not consistent for sentences with other emotions. Table 4 summarizes the average Hb concentration changes 
obtained from the language areas for the sentences with and without the five emotions. 
Table 4. Average NIRS signal values for the Malay sentences obtained from Channels 6, 7, 11 and 37 (Roughly corresponding to the language 
areas of the brain) 
Channel 
Emotions 
Happiness Surprised Sadness Anger Fear 
6 
With emotion -0.09116 -0.08340 -0.03270 -0.11592 0.03407 
Without emotion -0.07912 -0.07476 -0.06595 -0.11427 -0.18975 
27 
With emotion -0.10357 -0.07074 -0.09052 -0.04118 -0.13178 
Without emotion -0.09318 -0.06310 -0.08467 -0.10714 -0.05172 
37 
With emotion 0.00279 0.02049 0.02218 0.03000 -0.14176 
Without emotion 0.00158 0.05534 0.02820 -0.00273 0.01140 
 
Table 5 shows the average NIRS signal values for each emotion for Channels 5, 11 and 25, which roughly 
correspond to the brain areas for working memory6. As seen in Table 5, the average values of Hb concentration 
changes for these channels were higher for sentences with emotions than those without emotions. In 
particular, Channel 25, which was positioned close to Brodmann Area 10 (BA 10), detected higher Hb 
concentration changes for the Malay sentences with emotional intonations than the sentences without them, 
indicating the activation of the brain area. 
Table 5. Average NIRS signal values for the Malay sentences obtained from Channels 5, 11 and 5 (Roughly corresponding to the brain areas 




Happiness Surprised Sadness Anger Fear 
 
5 
With emotion -0.08351 -0.08013 -0.05079 -0.06359 -0.02439 
Without emotion -0.09720 -0.09035 -0.08407 -0.07040 -0.10642 
 
11 
With emotion -0.36141 -0.32553 -0.23342 -0.23895 -0.19209 
Without emotion -0.36448 -0.35033 -0.27521 -0.24251 -0.26944 
 
25 
With emotion 0.01971 0.07321 0.12811 0.10736 0.08880 
Without emotion 0.00037 0.06322 0.11170 0.09609 0.08795 
 
Figure 5 also shows the optical topography images showing relative changes in oxy-Hb concentrations in the 
brain of a subject (Subject A, male). The images resulting from the subjects listening to the sentences with 
emotional intonation showed that a part of the frontal cortex near BA 10 tended to experience higher levels of 
change in Hb concentration. These images suggested that the area for working memory, which roughly corresponds 
to BA 10, had been more highly activated than other brain areas while the subjects were listening to the sentences 
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with emotions. On the other hand, the regions which correspond to the areas related to language processing6, 
including BA44 and BA 45 tended to show higher Hb concentration changes while the subjects were listening to 





















(ii) Without emotion 




By using NIRS, relative changes of blood Hb concentrations in the brain were observed to see if the brain 
function activities of subjects can be affected by the emotional intonations of sentences, in particular the areas 
associated with linguistic tasks. The results of the experiment for reversed Japanese sentences demonstrate that the 
subjects’ brain areas related to linguistic tasks tended to be more active while the subjects were listening to 
sentences without emotions. This suggests that sentences spoken with too much emotion may not be good for 
sentence comprehension. This result contradicts our speculation that language comprehension is dependent on 
emotional context in sentences7. Ihara’s study showed that the language comprehension depended on emotional 
context and the result was achieved by latency window of ~500ms8. Since reversed Japanese sentences were used in 
this experiment, we suspect that the subjects, who were all native speakers of Japanese, were able to pick up 
familiar language sounds without having to understand the meaning by using language areas of the brain. Language 
comprehension may also be easier for native speakers when they are listening to sentences without too much 
emotional load, and too much emotion might be a distraction for processing linguistic information as language 
sounds. The NIRS data from prefrontal cortex indicates that Hb concentrations in subjects’ brains were higher in the 
area associated with working memory when listening to sentences without emotions. The results of our study 
indicate that emotional content does not have robust effects on working memory, but in some instances emotional 
content can impede working memory performance5. This suggests that sentences spoken without emotional load 
may be slightly preferable than sentences with emotional sounds for maintaining information over a short period of 
time. 
For Malay sentences, the results of the experiment also showed less activation of the language areas of the brain 
while the subjects were listening to the emotional context. This suggests that subject’s brain gave too much attention 
to the emotion rather than to the language. This indicates that the emotional content can affect the distribution of 
High level change in haemoglobin concentration in 
areas related to working memory 
High level change in haemoglobin concentration in 
areas related to language processing 
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attention, because emotional stimuli are likely to “grab” attention9. These results also suggest that sentences with 
emotions are not suitable for language learning. This result contradicts the result of Mazur et al., which suggests that 
emotions might be an effective way for language learning10. However, sentences with emotions can affect memory 
and emotional content of stimulus that modulates working memory processes. Working memory is response for the 
processing of new and stored information, an important process for reasoning, comprehension, learning and memory 
updating9. 
5. Conclusion 
In this study, we focused on the language areas of the brain (BA 44, 45 and 22) to see if they can be affected by 
emotional context in linguistic sounds. The results obtained from a NIRS experiment show that too much 
emotion may be a distraction for listeners and could divert their concentration away from language processing for 
both reversed Japanese sentences and Malay sentences when the listeners do not comprehend their semantic 
meanings. However, an analysis of NIRS signals obtained from the working memory area of the brain (BA 10) for 
reversed Japanese sentences suggest that sentences with emotional context may also inhibit working memory 
performance and the ability to retain information over short delays when sentences are recognized as language 
sounds. On the other hand, emotional context could give an effect on working memory for Malay sentences. There 
was an activation of the working memory area in the brain, and this result thus suggests that emotion can enhance 
working memory processes, which are known to be essential to language learning. It is important to investigate the 
effect of emotional context in language sounds regarding working memory in details. Therefore, in the next 
study, the authors plan to conduct experiments for emotional language sounds in this context. We will focus on 
elderly people since they tend to experience memory loss and language impairment more than younger people. In 
order to obtain more general sampling, it is important to increase the number of subjects, since brain functions are 
known to vary among individuals. 
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